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Asslgneez Intel corporatlon A heat sink retention frame is disposed about an electronic 

App1_ No; 10/174,700 package, and a heat sink is disposed Within the heat sink 
retention frame above the electronic package. A clip is 
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SECURING HEAT SINKS 

BACKGROUND 

[0001] The invention relates to securing heat sinks. 

[0002] Clips are sometimes used to maintain heat sinks in 
heat-transferring contact With electronic packages or semi 
conductor devices. DoWnWard force exerted on the heat sink 
by the clip contributes to ef?cient heat transfer from the 
device to the heat sink. 

[0003] The siZe and Weight of heat sinks for removing heat 
from electronic packages or semiconductor devices has 
increased as the amount of heat produced by neWer versions 
of these devices has increased. For example, heat sinks 
having a Weight of one pound or heavier are knoWn and are 
presently in use in industry. Simple clips, Which have 
traditionally been used for lighter, less bulky heat sinks, 
have proven inadequate for securing the more substantial 
heat sinks, especially When the assembly is subjected to 
mechanical shock. 

BRIEF DESCRIPTION OF DRAWINGS 

[0004] FIG. 1 is a vertically-exploded vieW of an assem 
bly containing an example of a clip. 

[0005] FIGS. 2A, 2B, and 2C illustrate several vieWs of 
the clip. 

[0006] FIGS. 3A and 3B are side vieWs depicting assem 
bly of the clip. 

[0007] FIG. 3C is a side vieW depicting operation of the 
clip. 
[0008] FIG. 4 is a side vieW of an assembly containing the 
clip in its unlocked position. 

[0009] FIG. 5 is a side vieW of an assembly containing the 
clip in its locked position. 

DETAILED DESCRIPTION 

[0010] As shoWn in FIG. 1, a vertically-exploded vieW 
100 of an assembly (e.g., the unlocked assembled arrange 
ment 400 of FIG. 4) contains a clip 200, a high-mass heat 
sink 102, an electronic package or semiconductor device 
110, and a heat sink retention frame 120. 

[0011] Heat sink 102 has a heat-exchanging region 103, 
and a base 104. Edge regions 105, 106 of the base 104 
extend beyond the doWnWardly-projected footprint of the 
heat-exchanging region 103. Edge region 105 has, along its 
entire length, a ?at upWard-facing surface 107 and a straight 
rectangular channel 108 that includes a ?at upWard-facing 
surface 109 at the bottom of the channel. Edge region 106 
has similar features. 

[0012] As shoWn in FIGS. 2A, 2B and 2C, the clip 200 
includes a main body 210 that can be fabricated, for 
example, from heat-treated carbon steel 1050 Which can be 
punched or cut to the desired form. The clip also includes a 
camming member 220 With a cam 221. The clip 200 can be 
loWered into contact With edge region 105 of heat sink 102 
(FIG. 1) by inserting the cam surface 222 of camming 
member 220 into channel 108 and permitting upWard-facing 
surface 107 to extend into a gap 224 betWeen cam surface 

222 and 223 (FIG. 2C). 
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[0013] Clip arms 240, 250 bend upWard near support 230 
at ?rst bends 241, 251 respectively, and bend doWnWard at 
second bends 242, 252 near their respective ends 246, 256. 
End portions 244, 254 of clip arms 240, 250 extend in a 
substantially doWnWard direction. Clip arms 240, 250 
extend in opposite lateral directions from support 230. Clip 
arms 240, 250 are suf?ciently long that clip arm end portions 
244, 254 can be positioned beyond the respective ends 115, 
116 of edge region 105. After they are so positioned, end 
portions 244, 254 of the clip arms are urged doWnWard, and 
loops 248, 258 (Which may be referred to as mating ele 
ments) are attached to respective hooks 148, 158 (Which 
may also be referred to as mating elements) on the heat sink 
retention frame 120 (see FIG. 4). 

[0014] The doWnWard urging of clip arms 240, 250 gen 
erates a spring force in the clip arms in opposition to the 
doWnWard force, especially in the vicinity of bends 241, 251 
and in straight portions 243, 253 of the clip arms. The bends 
241, 251 behave like leaf springs, and the straight portions 
243, 253 behave like beam springs. The spring forces cause 
the clip arms 240, 250 to tend to pull up on respective hooks 
148, 158. HoWever, because the hooks are ?xed extensions 
of the heat sink retention frame 120, forces of equal mag 
nitude are created that oppose the spring forces and that 
place the arrangement (the clip and the heat sink retention 
frame) in static tension (see FIG. 4). 
[0015] The combination of the foregoing interactions 
betWeen clip arms 240, 250 and the heat sink retention frame 
120 imparts a doWnWard force to the clip 200. The doWn 
Ward force is opposed Within the overall assembly in the 
folloWing manner. Cam surface 222 (see FIG. 2C) pushes 
doWn on the upWard facing surface 109 of edge region 105. 
The heat sink 102 pushes up against the clip 200 With a force 
of equal magnitude, thus placing the arrangement (the clip 
and the heat sink) in static compression (see FIG. 4). 

[0016] The interaction betWeen the clip 200 and the heat 
sink 102 tends to maintain the heat sink seated Within the 
heat sink retention frame 120 and to maintain the heat sink 
above and adjacent to the semiconductor device 110 during 
normal operation of the semiconductor device, as Well as 
When the overall assembly is subjected to forces such as loW 
magnitude shock forces. Such shock forces may occur When 
the assembly is moved about Within the controlled environ 
ment of a manufacturing plant or Within the premises of the 
end-user. 

[0017] In this example, clip arm 260 has a thickness 
similar to clip arms 240, 250, but is Wider. Clip arm 260 
extends outWard from the side of support 230 in a direction 
substantially perpendicular to the longitudinal direction in 
Which the ?rst and second clip arms are aligned (see FIG. 
2A). The clip arm 260 bends doWnWard at bend 261. During 
installation of clip 200, loop 268 (Which may be referred to 
as a mating element) is placed over and around hook 168 
(Which may also be referred to as a mating element) of the 
heat sink retention frame 120 (see FIG. 4). During normal 
operation, no substantial interaction, pulling or otherWise, is 
expected to occur betWeen clip arm 260 and hook 168. As 
discussed in greater detail beloW, the interaction betWeen 
clip arm 260 and loop 268 may become important during 
shock events involving forces of relatively high magnitude 
vertically-oriented shock events (e.g., “+Z” shock events) 
that tend to urge the heat sink upWard and out of the heat 
sink retention frame. 
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[0018] A second clip (not shown) can be provided and 
mounted to edge region 106 in a similar fashion. 

[0019] Spring force can be generated Within the clip 200 
When it is subjected to forces that tend to straighten the clip 
at bends 241, 242, 251 or 252 or to bend the clip at straight 
sections (e.g., support 230 and straight portions 243, 253) as 
long as the magnitude of the strain experienced by the clip 
remains Within the elastic range of the clip material. 

[0020] The outWard bend 245 at the end 246 of clip arm 
240 alloWs the clip to be connected to the heat sink retention 
frame 120 from above. The loops 258, 268 of the second and 
third cantilevered clip arms 250, 260 are placed over their 
corresponding hooks 158, 168 (see FIG. 1), and the third 
cantilevered clip arm 240 is slid over its corresponding hook 
148 until loop 248 snaps inWard around the hook. Once 
installed on the frame 120, the clip 200 can easily be pried 
off by pulling out and up at bend 245 of end 246. 

[0021] Spring force can be generated Within third clip arm 
260 in a manner similar to that described above With respect 
to the ?rst and second clip arms 240 and 250. The spring 
formed betWeen the support 230 and the third clip arm 260 
in the vicinity of bend 261 can involve Wider members than 
the springs associated With the ?rst and second clip arms, 
because the third clip arm is designed to eXtend over and 
around the side 118 of heat sink 102 (Which represents the 
Widest aspect of edge region 105), Whereas the ?rst and 
second clip arms 240, 250 eXtend over and around the tWo 
narroWer ends 115, 116 of edge region 105. As a result, the 
spring constant of the spring associated With bend 261 can 
eXceed those of the springs associated With the ?rst and 
second clip arms 240, 250. 

[0022] As shoWn in FIGS. 2A, 2B and 2C, the cam 221 is 
split betWeen tWo parallel portions Which are separated by a 
gap 224 and Which present camming surfaces 222, 223. The 
cam lever 225 also has tWo parallel portions Which are 
partially separated by a gap. For purposes of structural 
integrity, the portions of the cam lever 225 are connected at 
certain points along their length by material that spans the 
gap, including a tab 227 at the end of the camming member 
220 opposite the camming surfaces 222, 223. Camming 
member 220 can be produced, for eXample, by a molding 
process, and can comprise glass-?lled polycarbonate plastic. 
As discussed in greater detail beloW, the camming member 
220 can be positioned selectively in a locked position or an 
unlocked position. 

[0023] A gap 280 is located near the far edge 290 of 
support 230, opposite bend 261 of the third clip arm 260. A 
pivot post 285 for the cam 221 spans the gap. A second cam 
pivot post 286 projects from the far edge 290 of support 230 
and is axially aligned With the ?rst pivot post 285. If a 
progressive die is used to produce a sheet metal blank for the 
clip, additional machining may be needed to ?nish the pivot 
posts. The pivot posts can have a circular cross section to 
mate With a circular pivot hole 226 on the cam. Alterna 
tively, a single cam pivot post can be provided Which 
eXtends across and past the gap to provide the functions of 
the tWo cam pivot posts 285, 286. 

[0024] The camming member 220 is mounted to the main 
body 210 of the clip 200 on pivot posts 285, 286. The 
camming member 220 engages the tWo opposing cam pivot 
posts 285, 286 Within a mating pivot hole 226 that forms the 
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pivot point of the cam 221. A Wave-shaped slot 228 facili 
tates installation and retention of the camming member 220. 

[0025] The Wave-shaped slot 228 can enhance perfor 
mance of the camming member 220 When the latter is in its 
unlocked position. In the event the pivot hole 226 of the 
camming member 220 becomes dislodged from the pivot 
posts 285, 286 (e.g., during initial assembly prior to locking 
or as a result of movement of the unlocked assembly Within 
the assembly plant), the camming member 220 is unlikely 
thereafter to be jogged suf?ciently to dislodge entirely from 
the main body 210 of the clip because of the circuitous 
contour of the Wave-shaped slot 228. Thus, When the cam 
221 is to be rotated to the locked position, Which may occur 
some time after initial assembly, there Will be little chance 
that the camming member 220 Will become detached from 
the main body 210 of the clip. The Wave-shaped slot 228 
remains available to trap the camming member 220 if, 
subsequent to rotation and locking, it becomes unlocked and 
pivot hole 226 becomes dislodged from the pivot posts. 

[0026] As shoWn in FIG. 3A, to attach the camming 
member 220 to the main body 210 of the clip, the camming 
member is positioned so that the aperture 229 of the Wave 
shaped slot 228 faces doWnWard, above the pivot posts 285, 
286. The camming member 220 is then loWered so that the 
posts enter the slot. The cam lever 225 is then jogged so that 
the pivot posts move through the slot, coming to rest Within 
the pivot hole 226, as shoWn in FIG. 3B. 

[0027] The cam 221 projects a short distance beloW sup 
port 230 When the camming member 220 is in the unlocked 
position 301 shoWn in FIG. 3B. When assembled With the 
heat sink 102 (FIG. 4), a portion of cam 221 corresponding 
to cam surface 222 (FIG. 2C) enters into the channel 108 
(FIG. 1), Whereas a portion of cam 221 corresponding to 
cam surface 223 moves adjacent to side 118 of the heat sink. 
Alternatively, the clip may be used With a heat sink having 
no channel or having multiple channels. 

[0028] As shoWn in FIG. 3C, cam 221 can project pro 
gressively further beloW support 230 When camming mem 
ber 220 is rotated (as indicated by the curved arroW). When 
clip 200 is assembled With the heat sink 102, and as rotation 
of camming member 220 progresses from the unlocked 
position 301 (FIG. 3B) to the locked position 302 (FIG. 
3C), cam surface 222 (FIG. 2C) of the cam 221 presses With 
increasing doWnWard force Within channel 108 (FIG. 1) 
against the upWard-facing bottom surface 109. Cam apeX 
226 (the location of maXimum cam radius) contacts surface 
109 of the heat sink 102 just prior to the camming member 
220 reaching the locked position 302. That arrangement 
(interaction betWeen cam apeX 226 and surface 109) corre 
sponds to the maXimum doWnWard force Which the cam 221 
can eXert on the heat sink. 

[0029] When the clip 200 is assembled With the heat sink 
102 and heat sink retention frame 120, off-center cam 
loading enables the cam to self-lock near the maXimum 
force rotation position referenced above. Off-center cam 
loading is achieved by over-rotation of the cam, in other 
Words, rotation of the cam through a small arc (e.g., about 
ten degrees) past the position of apeX interaction. When the 
cam is rotated beyond the apeX 226, offset forces in the 
assembly begin to produce a moment (see pair of opposing 
but offset straight arroWs in FIG. 3C), and the moment tends 
to urge the cam lever aWay from the unlocked position 301 
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and toward the locked position 302. In this example, the 
contour of the slot 280 in the main body 230 of the clip 
prevents continued rotation of the camming member 220 
When it reaches the locked position 302. Other means for 
preventing further rotation of the camming member 220, 
such as the interposition of a stop element, also can be used. 

[0030] As shoWn in FIG. 4, to achieve the unlocked 
assembled arrangement 400, the heat sink 102 is placed in 
the heat sink retention frame 120, and the clip is positioned 
over the lateral edge of the heat sink With the camming 
member 220 in its unlocked position 301 (i.e., cam lever 225 
in the upright position). The loops 248, 258 (not shoWn in 
FIG. 4) of the ?rst and second clip arms 240, 250 are placed 
in tensioned engagement With corresponding hooks 148, 158 
on the heat sink retention frame. The third clip arm 260 is 
placed loosely over its corresponding hook 168 so that a 
tensioned relationship With the hook arises if the loop 268 of 
the third clip arm translates upWard. Other mating arrange 
ments also can be used. For example, the clip arms can have 
hooks and the heat sink retention frame can have loops. 

[0031] The ?rst and second clip arms 240, 250 should be 
engaged With the frame during initial assembly (i.e., prior to 
locking rotation of the camming member 220) so that the 
spring force potentials of both clip arms may be utiliZed in 
both the unlocked and locked arrangements. 

[0032] As shoWn in FIG. 5, to achieve the locked 
assembled arrangement 500, the cam lever 225 is rotated 
doWnWard about ninety degrees until the camming member 
220 rests in its locked position 302. An engaged, tensioned 
relationship remains betWeen the loops 248, 258 (not shoWn 
in FIG. 5) in the ?rst and second clip arms 240, 250 and 
respective hooks 148, 158 on the heat sink retention frame 
120, but the ?rst and second clip arms 240, 250, the support 
230, and the heat sink retention frame 120 are subject to 
more force, and therefore more strain, by operation of the 
camming member 220. 

[0033] During rotation of the cam lever 225 to place the 
camming member 220 in its locked position 302 (FIG. 3C), 
the cam 221 presses against the surface 109 (FIG. 1) of the 
heat sink 102. Because the cam radius increases With 
increasing rotation, the middle portion-of the support 230 
near the pivot posts 285, 286 can de?ect gradually upWard. 
The upWard force from the cam is resisted by the force of a 
beam spring (i.e., support 230) ?xed at both ends. As the 
spring formed by support 230 is urged toWard increasing 
de?ection, it exerts increasing doWnWard force against the 
rotating cam through the pivot post(s). The force is trans 
mitted directly to surface 109 of the heat sink 102. 

[0034] When the camming member 220 is rotated into its 
locked position 302, the loop 268 of the third clip arm is 
pulled upWard into an undercut area of its corresponding 
hook 168, causing the loop 268 to be locked in position 
adjacent to corresponding hook 168. The upWard-facing 
loWer surface of the loop and the doWnWard-facing loWer 
surface of the undercut are still not yet engaged, so little or 
no tension is present. In the event the locked assembly 500 
is subjected to excessive mechanical shock sufficient to 
overcome the doWnWard force exerted by the ?rst and 
second clip arms and the cam lever, the heat sink 102 Will 
tend to rise Within the frame 120, driven by its oWn 
momentum. That causes the end of the third clip arm 260 to 
ride further up Within the undercut area of its hook 168, the 
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upWard-facing loWer surface of the loop and the doWnWard 
facing loWer surface of the hook to meet, and the third clip 
arm to assume a tensioned relationship With the hook similar 
to that described above With respect to the ?rst and second 
clip arms 240, 250. In that Way, in the brief instant after heat 
sink momentum has overcome the pre-load of the clip arms 
and the cam lever, the undercut hook 168 can prevent further 
vertical translation of the third clip arm, and thus oppose 
further upWard movement of the heat sink. 

[0035] The geometry of the undercut of the hook 168 can 
be matched to Within a close tolerance of the thickness of the 
third clip arm 260. When clip arm 260 translates vertically 
and engages hook 168, the end of the clip arm Will be ?xed 
and prevented from rotating by the tight ?t betWeen the 
parts. That provides a cantilever beam spring, ?xed at the 
free end of third clip arm 260. The beam is formed by the 
combination of the support 230 and third clip arm 260. This 
beam, ?xed at one end, tends to resist de?ection. If the heat 
sink is subjected to +Z shock, the resistance to de?ection 
opposes and can signi?cantly reduce the upWard movement 
of the heat sink. 

[0036] The clip 200 may be described as bimodal because 
the clip arms contribute to retention of the heat sink in the 
retention frame in at least tWo Ways. The ?rst and second 
clip arms 240, 250 can help retain the heat sink in the 
retention frame during normal operation of the assembly, 
and the third clip arm 260 can contribute to heat sink 
retention during excessive mechanical shock events, such as 
+Z shocks of high magnitude. 

[0037] The third clip arm 260 operates to restrict upWard 
motion of the heat sink in a Way that the ?rst and second 
arms 240, 250 may not be capable of handling. Speci?cally, 
the third arm can be Wider and than the other tWo arms 
because of the position of the third clip arm 260 on the Wide 
side of the clip’s support 230. Also, the third arm can be 
shorter than the other tWo arms, because When the clip 200 
is assembled With the heat sink and heat sink retention 
frame, the Wide side of the support 230 is positioned 
adjacent to, and parallel to, the side 118 of base 104 of the 
heat sink, and the distance from support 230 to the heat sink 
retention frame 120 along that side is short. 

[0038] The structure of the third clip arm, When compared 
to the longer and narroWer structure of the ?rst and second 
clip arms, is stiffer, providing more substantial resistance to 
continuing upWard movement of the heat sink When the 
assembly is subjected to +Z shocks of large magnitude. Thus, 
the extent of elastic deformation to Which the third clip arm 
structure may be subjected during +Z shock can be limited 
to a narroW range. That can prevent excessive distortion of 
the clip 200 during shock and can enable the clip to retain 
the heat sink and keep it Well-aligned Within the heat sink 
retention frame 120 during the shock event. 

[0039] The thickness of the third clip arm 260 can be about 
the same as that of the ?rst and second clip arms. That alloWs 
the entire main body 210 of the clip 220, including all three 
clip arms and the support 230, to be formed from a single 
span of sheet stainless steel. 

[0040] Because clip 200 is equipped With camming mem 
ber 220, it can provide a greater pre-load (retention force) 
than similar clips Without such a feature. Greater pre-load 
can lead to increased thermal performance of the heat sink. 
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Moreover, a greater pre-load translates to less heat sink 
movement during shock. That can reduce or eliminate the 
likelihood that the electronic package or semiconductor 
device Will pull out from the socket in Which it is installed. 

[0041] The combination of the camming feature With the 
third clip arm feature in clip 200 provides multiple tech 
niques for keeping the heat sink in place during and after 
excessive shock. In some implementations, clip 200 can 
perform this function more effectively than can a similar clip 
possessing either feature alone. That may be especially true 
in the case of one-pound or heavier heat sinks subjected to 
excessive +Z direction shocks. 

[0042] Other implementations are Within the scope of the 
folloWing claims. For example, the thickness of the third clip 
arm 260 and the central span 230, or the thickness of the 
third clip arm only, can be increased relative to the thickness 
of the ?rst and second arm to increase rotation resistance. 
Also, a single post span, instead of tWo post spans, may be 
provided to serve as the attachment and pivot point for the 
cam. The cam lever, shoWn as an elongated arm 225 
comprising of tWo parallel portions united at the end of the 
arm by a tab 227 to facilitate manipulation, can have 
alternative shapes (e.g., straight, With no tab, and With a 
round cross-section). HoWever, it should be slender enough 
to avoid interference With the heat sink and neighboring 
components and stiff enough to turn the camming member 
through its range of motion and force exertion. Also, the cam 
lever may have a different con?guration, e.g., the geometry 
of the cam itself may include a feature Which prevents 
over-rotation, and the cam lever may be designed to be 
removeable after the cam self-locks. Furthermore, the cam, 
rather than having tWo parallel portions, can be unitary, and 
can be mounted on a single post on the support. 

What is claimed is: 
1. A method comprising: 

fastening a clip to a heat sink retention frame at tWo points 
to apply a ?rst force to a heat sink; 

rotating a cam to apply a second force to the heat sink and 
to cause a ?rst mating element on the clip to be locked 
in position adjacent to a corresponding ?rst mating 
element on the frame. 

2. The method of claim 1 Wherein fastening includes 
causing engagement of second and third mating elements on 
the clip and corresponding second and third mating elements 
on the frame. 

3. The method of claim 2 Wherein causing engagement of 
the second and third mating elements of the clip and the 
frame includes causing loops on the clip to engage hooks on 
the frame. 

4. The method of claim 1 Wherein causing a ?rst mating 
element on the clip to be locked in position adjacent to a 
corresponding mating element on the frame includes causing 
a loop to enter an undercut of a hook on the frame. 

5. The method of claim 1 including causing engagement 
betWeen the ?rst mating element on the clip and the ?rst 
mating element on the frame to apply a third force to the heat 
sink When the heat sink is subjected to a shock. 

6. The method of claim 1 including locking the cam in a 
rotated position at Which it applies the second force to the 
heat sink. 
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7. The method of claim 1 including positioning the clip 
over a lateral edge surface of a base of the heat sink before 
fastening the clip to the heat sink retention frame. 

8. The method of claim 7, including alloWing the cam to 
enter a channel on the lateral edge surface of the heat sink 
before rotating the cam. 

9. A method comprising: 

mounting a clip across a lateral edge surface of a heat sink 
in contact With an electronic device; 

fastening the clip to the heat sink retention frame near 
opposite ends of the lateral edge surface to press 
against the lateral edge surface of the heat sink With a 
?rst force; 

rotating a lever to cause a cam mounted on the clip to add 
a second force to the ?rst force; and causing a resilient 
arm attached to the clip to engage a hook on the heat 
sink retention frame. 

10. The method of claim 9 including rotating the lever 
until the cam is in an off-center load condition. 

11. The method of claim 9 including rotating the lever 
betWeen an unlocked position Which does not add the second 
force and a locked position Which adds the second force. 

12. A clip comprising: 

a support; 

?rst and second arms extending in opposite lateral direc 
tions from respective opposite ?rst and second lateral 
sides of the support; 

a third arm extending from a third lateral side of the 
support; 

a camming mechanism attached to the support near a 
fourth lateral side of the support and opposite the third 
lateral side, the camming mechanism including a cam 
surface projecting doWnWard beloW the support; and 
?rst, second, and third mating elements located on 
respective substantially doWnWard-extending free end 
portions of the ?rst, second and third arms. 

13. The clip of claim 12 Wherein each of the mating 
elements of the free end portions of the ?rst, second and 
third arms includes a closed loop. 

14. The clip of claim 12 Wherein the ?rst and second arms 
include an intermediate portion betWeen respective attach 
ments With the support and respective free end portions, and 
Wherein the respective intermediate portions at least par 
tially extend above the support. 

15. The clip of claim 12, said camming mechanism 
comprising a cam pivot post mounted to the support and a 
camming member mounted to the cam pivot post, the 
camming member including a cam Which projects beloW the 
support. 

16. The clip of claim 15, said camming member further 
comprising a lever extending radially from the cam for 
rotating the cam about the cam pivot post. 

17. The clip of claim 15, said cam surface having a cam 
apex corresponding to maximum cam radius, and said 
camming mechanism further comprising a camming mem 
ber locking arrangement for securing the cam near a point in 
its rotation in Which the cam apex faces directly doWnWard 
by employing off-center cam loading. 

18. The clip of claim 15 Wherein the camming member 
includes a circuitous installation slot to alloW the camming 
member to be mounted on the cam pivot post and to inhibit 
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unintended complete dislodgement of the camming member 
from the support if the camming member becomes dislodged 
from the cam pivot post. 

19. The clip of claim 12 Wherein the third arm is Wider 
than the ?rst and second arms. 

20. The clip of claim 12 Wherein the third arm is shorter 
than the ?rst and second arms. 

21. The clip of claim 12 Wherein the third arm is thicker 
than the ?rst and second arms. 

22. An apparatus comprising: 

an electronic package; 

a heat sink retention frame disposed about the electronic 
package; 

a heat sink disposed Within the heat sink retention frame 
and above the electronic package; 

a clip mounted across a lateral edge surface of the heat 
sink, the clip including: 

?rst and second arms mated to the heat sink retention 
frame on respective opposite sides of the heat sink to 
urge the heat sink doWnWard With a ?rst force, 

a cam positioned above the lateral edge surface that can 
assume a doWnWardly-extended orientation With 
respect to the clip for urging the heat sink doWnWard 
With a second force, and 

a resilient extension extending from the side of the clip 
betWeen opposite ends of the lateral edge surface for 
urging the heat sink doWnWard With a third force. 

23. The apparatus of claim 22 comprising off-center cam 
loading means for holding the cam in the doWnWardly 
extended orientation With respect to the clip. 

24. The apparatus of claim 22, the clip comprising a lever 
for rotating the cam to the doWnWardly-extended orienta 
tion. 

25. The apparatus of claim 22, said resilient extension 
having an end rigidly ?xed to the heat sink retention frame, 
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and When the heat sink is subjected to mechanical shock and 
momentum of the heat sink overcomes the ?rst and second 
forces, acting like a beam spring by resisting upWard move 
ment of the heat sink. 

26. An apparatus comprising: 

an electronic package; 

a heat sink retention frame disposed about the electronic 
package; 

a heat sink disposed Within the heat sink retention frame 
and above the electronic package; 

a clip mounted across a lateral edge surface of the heat 
sink and fastened to the heat sink retention frame, the 
clip including: 
clip arms for applying a ?rst force to the heat sink, 

a camming mechanism for applying a second force to 
the heat sink, and 

a beam spring mechanism for providing a third force to 
the heat sink during mechanical shocks. 

27. The apparatus of claim 26 Wherein the clip arms 
include a ?rst arm With a loop for engaging an extension on 
a ?rst side of the heat sink retention frame and a second arm 
With a loop for engaging an extension on a second side of the 
heat sink retention frame opposite the ?rst side. 

28. The apparatus of claim 27 Wherein the camming 
mechanism includes a cam positioned above the lateral edge 
surface for urging the lateral edge surface doWnWard. 

29. The apparatus of claim 28 Wherein the camming 
mechanism includes a lever for rotating the cam. 

30. The apparatus of claim 27 Wherein the beam spring 
mechanism includes a resilient member extending from the 
side of the clip betWeen the ?rst and second arms and 
including a free end for mating With the heat sink retention 
frame. 


